The United States Southern Ocean Joint Global Ocean Flux Study (JGOFS), also known as AESOPS (Antarctic Environment and Southern Ocean Process Study), focused on two distinct regions. The "rst was the Ross-Sea continental shelf, where a series of six cruises collected a variety of data from October 1996 through February 1998. The second area was the southwest Paci"c sector of the Southern Ocean, spanning the Antarctic Circumpolar Current (ACC) at &1703W. Data were collected within this region during "ve cruises from September 1996 through March 1998, as well as during selected transits between New Zealand and the Ross Sea. The "rst results of these cruses are described in this issue. The Ross-Sea investigation extensively sampled the area along 76330S to elucidate the temporal patterns and processes that contribute to making this one of the Antarctic's most productive seas. Hydrographic distributions con"rm that strati"cation is initiated early in October within the polynya, generating an environment that is favorable for phytoplankton growth. Signi"cant spatial variations in mixed-layer depths, the timing of the onset of strati"cation, and the strength of the strati"cation existed throughout the growing season. Nutrient concentrations re#ected phytoplankton uptake, and reached their seasonal minimal in early February. Chlorophyll concentrations were maximal in early January, whereas productivity was maximal in late November, which re#ects the temporal uncoupling between growth and biomass accumulation in the region. Independent estimates of biogenic export suggest that majority of the #ux occurred in late summer and was strongly uncoupled from phytoplankton growth. The ACC region exhibited seasonal changes that in some cases were greater than those observed in the Ross Sea.
Introduction
In the 1980s concern over rapidly increasing atmospheric carbon dioxide concentrations heightened. It was also realized that without a better understanding of the quantitative and mechanistic relationships among surface CO concentrations, biological dynamics, and vertical #ux of carbon, we would be unable to model and predict the role of the ocean in the global carbon cycle. In response, an international program (the Joint Global Ocean Flux Study, or JGOFS) was designed to evaluate the magnitude of the organic matter #ux from the ocean's surface to depth, and the controls on the processes that regulate this #ux. To address the uncertainty of the ocean's role in global biogeochemical budgets, a number of locations (e.g., the North Atlantic, the equatorial Paci"c, the Arabian Sea, and the Southern Ocean) were chosen for intensive study, based on the perception of their importance to these budgets as well as the unique nature of physical}biological linkages within each. The "rst three studies were initiated in the late 1980s and 1990s (e.g., Ducklow and Harris, 1993; Murray et al., 1995; Smith et al., 1998) , and many of the European e!orts in the Southern Ocean began in the mid-1990s (Turner et al., 1995; Smetacek et al., 1997; Gaillard, 1997) . The US "eld program in the Southern Ocean began in 1996.
Carbon #uxes in the Southern Ocean represents quantitatively signi"cant components of the global carbon cycle. They are highly susceptible to perturbation, and are less understood these are #uxes in more readily accessible regions. Individual subsystems within the Southern Ocean act both as sources of CO to the atmosphere and as sinks for atmospheric carbon dioxide that, independently, represent quantitatively signi"cant terms in the global budget for air-sea exchange of CO . However, because our observations in the Southern Ocean are restricted, we remain uncertain as to whether the region as a whole acts as a net source or sink for atmospheric CO . Biological productivity and the accompanying processes that transport "xed carbon and nutrients to the deep sea are spatially and temporally variable in Southern Ocean. Important processes (such as an understanding of the factors that limit productivity, the nature of the coupling between grazers and primary producers, and the e$ciency of the microbial loop) and the magnitude of biogenic #uxes are poorly constrained. Furthermore, we cannot adequately address the changes that have occurred in recent geological times as they relate to present conditions in the Southern Ocean. To address these (and other) scienti"c questions, a multidisciplinary program was designed to study the seasonal changes at two sites in the Southern Ocean: the Polar Front and the Ross Sea.
The Southern Ocean presented unusual challenges for a JGOFS-type study. Waters of the Antarctic are heterogeneous, in that much of the region is in#uenced by the advance and retreat of the seasonal ice cover (TreH guer and Jacques, 1992). However, not all areas of the Southern Ocean are directly impacted by ice, as some are permanently ice-free. The Antarctic also has deep (up to 800 m) and productive continental shelf regions, and the entire realm is in#uenced by strong dynamic forcing (e.g., currents, convection, ice formation, etc.). Given the size of the Southern Ocean and its remoteness, it is not surprising that it is one of the most poorly sampled regions in the ocean. As study sites were considered for the US JGOFS e!ort, one (the Paci"c Sector) had the advantage of being close to the extensive logistics bases in New Zealand and Antarctica (McMurdo Station), as well as part of it (the Ross Sea) having been well studied previously. However, the deeper waters near the Polar Front had been very poorly studied, despite that fact that it had been hypothesized as being a major oceanic site for the control in atmospheric CO concentrations. After weighing the advantages and disadvantages of a number of study locations, it was decided that the Paci"c Sector of the Southern Ocean would be the focus of the US JGOFS "eld e!ort. The overall study was named AESOPS: Antarctic Environment and Southern Ocean Process Study.
A series of cruises to the study areas were initiated in 1996 (Table 1) . The "rst cruise, beginning in late August 1996, was a survey of the polar front region near 1703W. The bathymetry in this area was poorly known, and more information was needed prior to the deployment of time-series sediment traps and bio-optical moorings. The cruise was followed by three others designed to assess the biological processes and controls on carbon #uxes in the Ross Sea in early spring, summer and autumn. Time-series sediment traps were deployed in November 1996 in both areas and collected samples for 14 months. A fourth study in the Ross Sea was completed during austral spring of the following year at the time of the most rapid change in chemical and biological concentrations, and a benthic survey/sediment trap recovery cruise was conducted in February 1998. Four successive cruises to the polar front region were conducted from October 1997 through February 1998 to assess the distributions of surface layer properties and the processes responsible for generating those distributions. All sediment traps were recovered in February}March 1998.
Study area
All cruises to the Ross Sea used the R.V.I.B. Nathaniel B. Palmer (Fig. 1a) , whereas cruises to the PF took place on the R.V. Roger Revelle (Fig. 1b) . The area north of the Ross Ice Shelf and east of Ross Island has lower ice concentrations than the surrounding areas, and thus is known as a polynya (Fig. 2a) . Studies of biological processes and rates were concentrated along 76330S within a transect that was situated approximately normal to ice retreat and traversed the polynya (Fig. 1a) . The area sampled also was known from historical studies to be largely ice-free for a substantial portion of the year. Sediment traps were placed at two locations in the Ross Sea, based on previous studies of #ux and surface properties (DeMaster et al., 1992) . Additional sites were selected for speci"c experiments within the framework of the entire AESOPS project. A mesoscale survey using a towed, pumping SeaSoar was conducted during the November}December 1997 cruise.
The location of the ACC study was selected based on the zonal orientation of the physical and chemical fronts found in that region (Daly et al., in press ). There are a number of fronts in the area, including the Southern ACC Front (SACCF), the Polar Front (PF), the Subantarctic Front (SAF), and the Subtropical Front (STF) (Orsi et al., 1995; Fig. 1b) . Each of these is delineated by a number of variables, including temperature, salinity, and oxygen concentration, that characterize the classical zonation of the Southern Ocean (Fig. 1b) . Flow of the ACC is concentrated in narrow jets, coinciding with the principal fronts, which are interspersed with broader zones of reduced or even reversed #ow, creating large shear within the water column (Daly et al., submitted) . Sea ice covers most of the region south of the PF in winter, with the maximum extent of sea ice along 1703W reaching &623S in most years, including both AESOPS "eld seasons (Fig. 2b) . The region covered by the seasonal advance and retreat of sea ice, while overlapping with the Antarctic Zone (compare Fig. 1b and 2b ), is sometimes classi"ed separately by biogeochemists as the Seasonal Ice Zone (SIZ; TreH guer and Jacques, 1992). This delineation is made because the stabilizing e!ect of freshwater added by melting sea ice often leads to phytoplankton blooms as well as to distinct species assemblages (Smith and Nelson, 1985; Mitchell et al., 1991; TreH guer and Jacques, 1992; Arrigo et al., 1999) .
Four cruises to the ACC region included two that were designated as`survey cruisesa, in that a strong emphasis was placed on the assessment of mesoscale variations in temperature, salinity, nutrients and #uorescence within the region of the polar front using a SeaSoar (Table 1) . The other two cruises were`process studiesa in which a variety of rate processes were measured and the processes in#uencing carbon dynamics of the surface layer and vertical #ux of particles investigated in detail. Sediment trap moorings and bio-optical moorings also were placed within the study region (Fig. 1b) . Additional samples across the frontal regions also were collected as the R.V.I.B Nathaniel B. Palmer transited the region to and from the Ross Sea.
Both ships sampled using traditional CTD-Rosette systems as well as trace metalclean rosettes (Hunter et al., 1997) . Given the hypothesized importance of trace metals in waters of the Southern Ocean (e.g., Martin et al., 1990; de Baar et al., 1995) , it was essential to the project that all samples in which biological rates were determined be sampled without contamination. Similarly, a strong emphasis was placed on obtaining trace metal distributions over the entire seasonal cycle at both locations. Finally, in October 1997 the NASA satellite SeaWiFS was launched. During the AESOPS cruises we attempted to use those initial passes over our study site to guide our sampling in as much as possible, as well as to collect data to test the validity of the bio-optical algorithms used in the processing of the remotely sensed data. (Orsi et al., 1995) are also displayed. The Southern Ocean is traditionally divided into concentric zones surrounding Antarctica. From north to south these are the Subantarctic Zone, lying between the Subtropical Front (STF) and the Subantarctic Front (SAF), the Polar Front Zone, located between the SAF and the Polar Front (PF), and the Antarctic Zone, encompassing all waters south of the PF (although some authors distinguish continental shelf waters as a separate zone; e.g., Nowlin and Klink, 1986; Patterson and Whitworth, 1990; Peterson and Strama, 1991; Orsi et al., 1995; Belkin and Gordon, 1996) . The Seasonal Ice Zone (TreH guer and Jacques, 1992) overlaps the Antarctic Zone, and extends to ca. 623S, while the Permanently Open-Ocean Zone, de"ned as the region between the PF and the northern limits of sea ice (TreH guer and Jacques, 1992) is virtually non-existent at 1703W. Cruise tracks and station locations for each AESOPS cruise can be accessed at: http://usjgofs.whoi.edu/aesopscruises.html.
As in other JGOFS "eld experiments, a set of`corea measurements was completed at every station (Table 2) according to protocols which established for earlier "eld studies (JGOFS, 1996) . These data have been checked for quality and consistency, and are publicly available on the internet (http://usjgofs.whoi.edu/jgofs.html). This site also lists additional experimental details and contacts for additional information.
Results

Ross Sea continental shelf
Ice concentrations had been suggested as being critical environmental determinants of phytoplankton growth in the Ross Sea. Ice (along with snow cover) not only attentuates irradiance, but freezing events e!ectively mix the water column beneath the ice. The seasonal changes in ice cover on the Ross Sea continental shelf were similar to those found in previous years ( Fig. 2a ; Comiso et al., 1993) . The polynya formed close to the ice shelf in late winter, likely due to katabatic winds blowing o! the continent, and expanded rapidly in size as the heat budget became positive in November. The region in the central polynya became ice-free due to the advective in#uence of winds, whereas to the east and west, ice disappeared largely due to in situ melting (as evidenced by salinity reductions at the surface; Gordon et al., 2000) .
The strength of vertical strati"cation within the water column on the Ross Sea continental shelf in general increased with time (Fig. 3) . Initially (in mid-October) mixed layer depths (determined by a 2 "0.02) were deep (up to 600 m in some locations; Fig. 3a) , and the water column weakly strati"ed (Fig. 4a) . Nutrient concentrations were uniform throughout the water column, and chlorophyll concentrations were extremely low ((0.1 g l\). During summer the depth of the mixed layers decreased (Fig. 3b) , and the strength of the strati"cation became substantial (Fig. 4b) , particularly in areas where melting had imparted signi"cant amounts of low-salinity melt water. Nitrate concentrations during summer were reduced , with a minimum of 2 M being observed on February 6, 1997 within the melting pack ice north of the AESOPS line. Dissolved inorganic carbon and other nutrients were similarly reduced. Chlorophyll concentrations were elevated as well, but maxima had been observed earlier in the austral spring , suggesting that substantial #ux and/or heterotrophic removal of phytoplankton carbon had occurred. During autumn the mixed-layer depths increased, as did nutrient concentrations. Particulate organic matter levels were reduced to near background levels, and computations of export based on the POC de"cit suggested that ca. 0.77 mol C m\ had been exported by mid-February as particles, with ca. 3.12 mol C m\ remaining in the water column . This export represents ca. 16% of the seasonal production, and a signi"cant fraction of the remaining POC also is available for export at a later date. The temporal variations in environmental conditions and phytoplankton biomass were evident in the changes in mixed-layer depth, nutrient concentrations, and chlorophyll levels in the surface layer ( Fig. 5a and b) . Because the Ross Sea appears to have two dominant phytoplankton assemblages (the "rst being dominated by diatoms, and the second by the colonial haptophyte Phaeocystics antarctica) that are often spatially distinct (Arrigo et al., 1999) , we chose two sites where silicic acid temporal patterns were markedly distinct to illustrate the di!erences. At the "rst (76330S, 1693E) mixed layers were extremely deep in spring ('450 m), but decreased during summer to ca. 10 m due to local melting of ice and the release of low-density water at the surface. Nitrate concentrations were initially at winter levels (ca. 30.5 M) and began to decrease by the end of November (Fig. 5b) . Silicic acid concentrations (initially ca. 78 M) also began to decrease at this time, although not as rapidly as nitrate. Minimum nitrate and silicic acid concentrations of 8.7 and 54.3 M, respectively, were observed on January 13, and the concentrations of both increased thereafter. For this period the Si/ N removal ratio (adjusted to deep-water salinities; Sweeney et al., 2000) for this location was 1.29. Chlorophyll concentrations were extremely low in November ((0.05 g l\), but increased to 12.8 g l\ in mid-January (Fig. 5a ). Increases in nitrate and silicic acid (and decreases in chlorophyll) during autumn primarily re#ected the increased mixed layers at the time, and the observed nutrient`de"cita was a remnant signature of phytoplankton removal.
The temporal patterns at the second site (76330S, 1723E), which was dominated by Phaeocystics antarctica, were similar, although the magnitude of some of the changes was di!erent. Mixed-layer depths decreased with time, although the greatest mixedlayer depth we observed was 148 m, and the minimum was 20 m (Fig. 5b) . Hence minimal mixed-layer depths were greater in the areas dominated by P. antarctica; however, changes in mixed-layer depths between spring and summer were less than those experienced in diatom-dominated regions. Although the site where P. antarctica dominated was strati"ed earlier in the year, and this strati"cation lasted longer, the strength of the strati"cation at this site (based on its buoyancy frequency) was less than that observed at 76330S, 1693E. The minimum nitrate concentration observed was 9.2 M, but silicic acid concentrations never decreased below 66 M, (that any reduction occurred at all is re#ective of the presence of some diatoms). Maximum chlorophyll concentrations reached 3.91 g l\.
Antarctic circumpolar Current
Locations of the principal fronts during the AESOPS study coincided reasonably well with average positions reported by Orsi et al. (1995) . Fronts in the ACC often extend to the bottom ('3000 m). Locations of the fronts were con"rmed by the high-velocity jets evident in shipboard ADCP measurements (Barth et al., submitted) as well as by increased meridional gradients in deep isopycnals (Anderson, unpublished) . While the surface expression of the PF (sea-surface temperature and silicic acid gradient; Fig. 6a and d ) coincided with deeper, more permanent features in November, these surface features were obscured in summer by seasonal warming of the surface layer and by biological consumption of Si (Fig. 6d) .
The PF separates the Antarctic Zone to the south, where high winter Si concentrations result from upwelling of Circumpolar Deep Water, from the Polar Front Zone (PFZ) to the north, where Si-depleted Antarctic Intermediate Water sinks and begins its northward transit. Strati"cation in both zones varied seasonally, and the biological response to summer strati"cation is evident in the reduction of nutrient concentrations. October, 1997 , early November 1997 , mid-December, 1997 , mid-January, 1998 and mid-February, 1998 . All samples collected from the ship's underway sampling system. The sequence of cruises captures the seasonal cycle of increase and decline of phytoplankton growth and the associated changes in nutrients. Seasonal variability in mixed-layer depths was observed throughout the region. Near the site of Sediment Trap Mooring 2 in the northern PFZ (Fig. 1b) , winter mixed-layer depths ( 2 "0.02) were in excess of 120 m. The location of Mooring 4 (63.13S), in the Antarctic Zone, was not occupied in winter, but a station at 63.93S (occupied in September 1996) had a mixed layer depth of 126 m, which is representative of the Antarctic zone. Surface heating contributed to summer strati"cation throughout the region (Fig. 6a) , while the reduction of surface salinity (Fig. 6b) by melting sea ice in the SIZ further contributed to increased strati"cation south of the PF. Mixed-layer depths by January had shoaled to (40 m, both in the Antarctic Zone and in the PFZ, and mixed layers (20 m were encouraged during selected casts within the Antarctic Zone. By the time of the "nal cruises in February}March 1998, mixed-layer depths were increasing throughout the region.
Summer strati"cation, together with increasing solar angle, created favorable conditions for phytoplankton growth, as manifested by a decrease in surface-dissolved inorganic nitrogen (DIN) concentration of up to 15 M at &643S (Fig. 6c) , from a winter value of 32 to a summer minimum of 17 M. At 573S the contemporary (DIN) draw down was &3 M, from a winter values of &24 M to a summer minimum of 21 M, although the summer depletion increased southward toward the PF (Fig. 6c) . Late-winter surface Si concentrations were substantially lower north of the PF than to the south (Fig. 6d) . During the course of the growing season, silicic acid was consumed by diatom growth to concentrations below 5 M throughout the region, and to concentrations (2 M at many sites. The greater Si consumption south of the PF, together with the much smaller di!erence in nitrate consumption between the two zones, led to a substantially larger Si/ NO molar removal ratio in the Antarctic Zone (&4.6 at 633S) compared to the PFZ (&2.3 at 573S). Although winter silicic acid concentrations in the PFZ are modest compared to those in the Antarctic zone, diatoms contributed a large portion of the biogenic material exported from surface waters of the PFZ, as evidenced by the mean annual opal content (52%) of particles collected by a sediment trap at 573S .
The PF itself is a complex region, with the upper water column being characterized by interleaving water masses varying on scales of tens of kilometers. Strati"cation created by interleaving water masses, together with local upwelling induced by meanders in the PF, contributed to favorable growing conditions early in the season. Early signs of a developing bloom were "rst observed at the PF during November 1997 (Landry et al., submitted) . Peak bloom conditions at the PF, in December, were subsequently recorded by an array of bio-optical moorings (Abbott et al., 2000) , by remote sensing (Moore et al., 1999) , and by ship-based observations.
The patterns of surface phytoplankton biomass co-varied with those of nutrient distributions (Fig. 7) . During late winter #uorescence varied little throughout the entire region, whereas in December it not only increased to the seasonal maximum, but was correlated with the physical characteristics (fronts, strati"cation) found in the region. A secondary maximum was observed between 69 and 713S, but few AESOPS observations were made in this region. Average concentrations of chlorophyll within the mixed layer north of the PF (St. 2, 56350.4S) were 0.19 g l\ during December, whereas south of the PF they were an order of magnitude greater (mean of 2.90 g l\ at St. 7, 6439S) during the same time period. By mid-January and late February chlorophyll levels at this same location had decreased to 2.33 and 0.44 g l\. Hence the seasonal phytoplankton bloom in the region of the Polar Front is a shortlived event, and one that has likely been highly under-sampled by expeditions in the past. Nitrate draw-down, integrated to a depth of 100 m and multiplied by a Red"eld ratio of 6.6 (by atoms), yielded estimates of net carbon export over a 90-day growing season of 2.2 mol C m\ in the PFZ and 3.2 mol C m\ in the Antarctic Zone. Although the surface depletion of nitrate was larger in the Antarctic Zone, this was compensated, in part, when nitrate de"cits were integrated through 100 m by greater mixed layer depths in the PFZ.
Maximum export #uxes along 1703W were collected by the sediment trap at 633S (221 mg m\ d\ at 1031 m; Honjo et al., 2000) . Fluxes were lower at 573S (92 mg m\ d\ at 982 m), and intermediate #uxes were collected at the PF (Mooring 3, 603S, 156 mg m\ d\ at 1003 m). To place these #uxes into a global context, the annual opal #ux at 633S is the largest ever measured (S. Honjo, personal communication), and greater than that measured in the highly productive Arabian Sea upwelling system (48 mg m\ d\ at 828 m; Honjo et al., 1999) . Furthermore, the annual mass #ux in the PFZ (573S), despite being substantially less than the Antarctic Zone, is comparable to the largest annual #ux (95 mg m\ d\) measured during the US JGOGS study in the equatorial Paci"c Ocean (Honjo et al., 1995) . The maximum #ux observed in all the sediment traps (220 mg m\ d\) was only slightly less than the maximum observed in the Arabian Sea (252 mg m\ d\; Honjo et al., 1999) . Despite its reputation as a region of low annual productivity, the Southern Ocean clearly generates a substantial annual #ux of biogenic material which is exported to the deep sea. Results from other national JGOFS programs working in the Southern Ocean show that the SW Paci"c sector is not unique in this regard (Pondaven et al., 2000) .
Discussion
The information we have provided is intended to be an introduction to the patterns and processes that were observed during AESOPS. Both the Ross Sea continental shelf and the Polar Front of the Paci"c Sector show substantial seasonal variations in the broad hydrographic and nutrient distributions. Some, but not all, of the Ross Sea's changes are greater in magnitude than those of the Polar Front. The changes represent a large seasonal production signal, which is evidenced by nutrient and CO utilization patterns, the vertical #ux of organic particles, and the appearance of autotrophic and heterotrophic biomass within the water column Collier et al., 2000; Smith et al., 2000) . The seasonal production signal in the Polar Front is smaller, more spatially variable, and re#ects the physically dynamic environment of the Antarctic Circumpolar Current.
Nutrient concentrations in the Ross Sea never reached levels that can be considered to limit phytoplankton growth (Smith and Harrison, 1991) . However, north of the Polar Front, and across much of the Antarctic Zone, silicic acid concentrations reached extremely low levels. Because iron has been hypothesized to have a marked in#uence not only on phytoplankton (particularly diatom) growth but on their elemental ratios, it is likely that the region north of the polar front is silica limited, or co-limited by both silica and iron availability (Franck et al., 2000) . Nutrient disappearance ratiosa in the vicinity of the polar Front ( Si/ N) were very high and suggest iron limitation (Takeda, 1998; Hutchins and Bruland, 1998) , whereas in the Ross Sea they were close to 1, which implies little or no iron limitation. However, given that the assemblage composition of both locations included some non-diatomaceous forms, the`disappearance ratiosa do not re#ect just diatom growth but are confounded by nitrogen uptake of non-siliceous forms.
Other 5ndings in AESOPS
AESOPS was a complex program, involving not only two ships and two major study areas, but also numerous principal investigators, post-doctoral associates, students and technicians. The results of the program are still being synthesized, and this volume represents a "rst e!ort to publish the program's results in the peerreviewed literature. Many more publications are expected in the coming years as more results become available. The objectives of the entire project were to better constrain the #uxes of carbon in the Southern Ocean, identify the factors and processes that regulate the magnitude and variability of primary productivity (as well as the fate of biogenic material), and to gain a su$cient understanding of the Southern Ocean to model past and present carbon #uxes with su$cient accuracy to predict its response to future global changes. Some of the major "ndings addressing these objectives that are discussed in papers in the volume are as follows:
E The Ross-Sea continental shelf is among the most productive of all Antarctic systems, with growth being initiated in late October. Growth rates and biomass accumulation are rapid in November, but growth rates decline markedly in midDecember, whereas biomass continues to increase until early January. Surfacelayer particulate concentrations decrease to extremely low values in April Gardner et al., 2000) . E A seasonal bloom occurs in the region of the Polar Front, although its magnitude is less than that observed in the Ross Sea (Moore et al., 1999) . The spatial distribution of the enhanced pigment concentrations re#ects the physical}biological coupling of the frontal regime, as well as the biological response to strati"cation following seasonal warming and release of freshwater by melting sea ice. E The annual production of the Ross Sea can be quanti"ed by measuring de"cits of nutrients and dissolved carbon dioxide . This approach suggests that the net seasonal production in 1996/97 was 58 g C m\. Furthermore, spatial di!erences in nutrient removal ratios can be distinguished between areas dominated by diatoms and those dominated by Phaeocystics antarctica by virtues of the silicic acid uptake characteristics. N/ P removal ratios are low in austral spring, but increase with time, and over a season are close to the classical Red"eld ratio. E The massive phytoplankton blooms in the Ross Sea have essentially no losses due to microzooplankton herbivory regardless of the season (Caron et al., 2000) . Microzooplankton biomass, however, increases three orders of magnitude over the seasonal cycle. E In low-Si waters north of the silica gradient, iron did not stimulate phytoplankton growth, indicating silica limitation. However, in waters south of the silica gradient, iron substantially stimulated diatom growth, which suggests that iron-limited phytoplankton growth in waters with su$cient Si (Franck et al., 2000) . An interaction between Fe and Si complicates the use of Si as an indicator of new production in the Southern Ocean. E Extreme mesoscale variability was noted in the vicinity of the Polar Front, which creates a strongly varying light and nutrient regime and variations in phytoplankton growth (Abbott et al., 2000) . Bio-optical moorings clearly recorded the onset of phytoplankton growth, which preceded the pigment maximum by 15 days. E Dissolved organic carbon concentrations increased seasonally by ca. 30 M, whereas particulate organic carbon levels increased by more than 100 M . DOC concentrations return to background levels by early winter.
These results, as well as others highlighted in this issue, will undoubtedly prove to be extremely useful in furthering our understanding of the structure and function of the Southern Ocean. The Southern Ocean is recognized as a dominant region in the oceanic contribution to global carbon and silica #ux, and it is also recognized that global change may have substantial impacts on its ability to contribute to atmospheric carbon removal (Sarmiento and LeH QueH re, 1996) . Data collected in AESOPS and other Southern Ocean JGOFS programs will allow for a re-evaluation of global silica and carbon budgets, as well as a more detailed understanding of the controls of phytoplankton growth in this physically dynamic region. Given that the AESOPS program has provided an exceptionally complete data set on the chemical and biological processes responsible in controlling carbon production and #ux, these data should also be immensely useful to modelers for years to come. We hope that by providing these data to all interested in the Southern Ocean and its impacts on the global biogeochemical cycles, that we can jointly provide insights and understanding of the importance of the Southern Ocean.
